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(57) ABSTRACT 

The present invention relates to a data driving apparatus for 
driving a current driving display device. A current output 
device of the data driving apparatus sequentially applies data 
signals to data lines. The data signals correspond to analog 
converted output currents. The current output device may 
include an analog output current converter for converting the 
analog converted output currents to analog output currents 
including a main signal and a Sub-signal having a predeter 
mined ratio therebetween, a Switch for Supplying the analog 
output currents including the main signal and the Sub-signal 
according to a first control signal, and a current sample?hold 
circuit for sampling or holding the analog output currents 
including the main signal and the Sub-signal according to a 
current sample/hold control signal. 
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DATA DRIVING APPARATUS IN A CURRENT 
DRIVING TYPE DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to and the benefit 
of Korean Patent Application No. 10-2004-0080386 filed in 
the Korean Intellectual Property Office on Oct. 08, 2004, the 
entire content of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a data driver of a 
current driving type display device. More specifically, the 
present invention relates to a data driver for driving a current 
driving type display device in an organic light emitting diode 
(OLED) display. 

BACKGROUND OF THE INVENTION 

0003 Generally, in an organic light emitting diode 
(OLED) display, phosphorus organic materials are disposed 
in pixels arranged in a matrix format, and an image is formed 
by controlling the amount of a current flowing to the 
phosphorous materials. 
0004 Such an OLED display is an advanced display 
having low power consumption, a wide viewing angle, and 
high responsiveness. Thus the OLED display is expected to 
be the next-generation display because the OLED display is 
Superior to a liquid crystal display which has been one of the 
most widely commercialized flat panel displays. 
0005. In further detail, the OLED display excites phos 
phorus organic materials, and forms an image by Voltage 
programming or current-programming NXM organic light 
emitting cells. The organic light emitting cell includes an 
indium tin oxide (ITO) pixel electrode, an organic thin film, 
and a metal layer. The organic thin film has a multi-layered 
structure including an emission layer (EML), an electron 
transport layer (ETL), and a hole transport layer (HTL), so 
as to balance electrons and holes and thereby enhance 
efficiency of light emission. Further, the organic thin film 
may separately includes an electron injection layer (EIL) 
and a hole injection layer (HIL). 
0006. According to methods of driving the organic light 
emitting cells having the above configuration, the OLED 
display is grouped into a passive matrix OLED (PMOLED) 
and an active matrix OLED (AMOLED). Until now, por 
table devices have been mostly produced by installing the 
PMOLED in sub-displays of the portable devices. However, 
it is difficult to apply the PMOLED to a wide panel with high 
resolution, because the PMOLED shows early degradation 
of organic light emitting materials and high power consump 
tion due to its high driving current. 
0007. Therefore, the AMOLED scheme is more suitable 
for manufacturing and driving a wide OLED display with 
high resolution. Methods for driving the AMOELD are 
classified into a Voltage programming method that programs 
a Voltage signal to a panel to form a desired image and a 
current programming method that programs a current signal 
to the panel to form the desired image. 
0008. The voltage programming method has the feature 
of using a data driving integrated circuit (IC) used for 
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driving a thin film transistor-liquid crystal display (TFT 
LCD), or a modified data driving IC. However, because a 
polysilicon TFT used in the AMOELD manufacturing pro 
cess has a large variation in threshold Voltage and mobility 
due to non-uniform grain size and trap density, image quality 
of the voltage programming AMOELD display may be 
non-uniform. 

0009. To solve this problem, various voltage program 
ming pixel types for compensating for the variation in the 
threshold voltage have been proposed, but the non-unifor 
mity of the mobility still remains a problem to be solved. 
0010. In the current programming method, however, uni 
form display characteristics are achieved even if driving 
transistors in each pixel have non-uniform Voltage-current 
characteristics, provided that a current source for Supplying 
the current to the pixels is uniform throughout the entire 
panel (i.e., at all the data lines). In other words, the current 
programming AMOLED solves the problems associated 
with the Voltage programming devices, and it has been 
proved through published papers and demo panels that the 
current programming AMOLED corrects for the variations 
in the threshold voltage and mobility. 
0011. It is desirable to fabricate a pixel of the current 
programming type AMOLED to correct for non-uniformity 
in threshold Voltages, mobility of carriers, and Saturation 
currents of a driving TFT while providing full current 
programming within a predetermined period of time. In 
addition, for driving a current programming AMOELD 
panel, a data driving IC outputting a constant current is 
required to Sufficiently drive a parasitic resistance and a 
parasitic capacitance of data lines of the panel while varia 
tion in output currents is Small enough to prevent non 
uniformity of image quality. Such capabilities in the current 
driving type AMOLED display pixels may be achieved by a 
current mirror type pixel or a current source type pixel. The 
current mirror type pixel structure adopted by Sony uses two 
TFTS as a current mirror. Assuming that there is no variation 
in the threshold voltage and mobility, a width ratio of the two 
TFTs is set to be M:1. When M is greater than 1, program 
currents IN are much greater than emission currents of the 
pixel. In this case, the current programming may be per 
formed within a predetermined line time but uniformity of 
image quality may not be guaranteed. Further, it is imprac 
ticable to achieve no variation between all the pixels in the 
threshold voltage and mobility of the two TFTs in which the 
width ratio of the two TFTs is set to be M:1. 

0012. In addition, a data driver of the OLED display 
employing the current programming method requires a 
current mode digital to analog converter (DAC) because a 
DAC outputs a current. However, a conventional current 
mode DAC occupies a wide area, and thus, it is difficult to 
provide the DAC for each output data line. 
0013 The above information disclosed in this Back 
ground of the Invention section is only for enhancement of 
understanding of the invention and therefore, it should not 
be assumed that all the above information forms the prior art 
that is already known in this country to a person or ordinary 
skill in the art. 

SUMMARY OF THE INVENTION 

0014. The present invention provides a data driving appa 
ratus having advantages of high performance for separating 
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currents while providing uniform output currents, high reso 
lution grayscales, and high quality images. 
0.015 According to an embodiment of the present inven 
tion, an exemplary current output device of a data driving 
apparatus sequentially applying data signals to data lines, 
the data signals corresponding to analog converted output 
currents, includes an analog output current converter, a 
Switch, and a current sample/hold circuit. The analog output 
current converter converts the analog converted output cur 
rents to analog output currents including a main signal and 
a Sub-signal, the main signal having a predetermined ratio 
with the Sub-signal. The Switch Supplies the analog output 
currents including the main signal and the Sub-signal accord 
ing to a first control signal. The current sample?hold circuit 
samples or holds the analog output currents including the 
main signal and the Sub-signal according to a current 
sample/hold control signal. 
0016. The analog output currents including the main 
signal and Sub-signal have a predetermined ratio between 
the two signals such that a load condition may be constant 
and a conversion speed of the analog converted output 
current is not reduced. 

0017. The current sample/hold circuit includes a master 
current sample?hold circuit for sampling or holding the 
analog output current according to a first current sample? 
hold control signal, a slave current sample/hold circuit for 
holding or sampling the analog output current according to 
a second current sample?hold control signal, and a multi 
plexer for selecting the output current held in the master 
current sample/hold circuit or the slave current sample/hold 
circuit according to a current output control signal and 
applying the selected output current to a corresponding data 
line. 

0018. The first and second current sample/hold control 
signals are mutually exclusively supplied such that a Sam 
pling operation may not be concurrently performed in the 
master and slave current sample/hold circuits. 
0019. One of the master and slave current sample/hold 
circuits holds a current value sampled for a previous row line 
time when the other of the master and slave current sample/ 
hold circuits samples the analog output current. 
0020. The currents outputted from the master and slave 
current sample?hold circuits are selectively outputted 
according to the current output control signal after being 
amplified to an integer multiple of the control signal. 
0021. The master or slave current sample/hold circuit 
includes a two bit digital/analog converter for controlling an 
output current range such that the output current range is 
proportionally reduced within a maximum output current 
range. 

0022. The current sample?hold circuit further includes an 
additional current Supplier for Supplying the analog output 
current to the master and slave current sample?hold circuits 
after adding a predetermined direct current to the analog 
output current. 

0023 The current sample/hold circuit further includes a 
subtractor for subtracting the direct current added by the 
additional current supplier from the current outputted from 
the multiplexer. The switch selects one of a plurality of 
current output devices. 
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0024. In a further embodiment, a data driving apparatus 
for applying data signals to a plurality of data lines of a 
display panel includes a multiplexer sequentially selecting 
and outputting a plurality of data signals, a digital/analog 
converter DAC sequentially converting a plurality of data 
signals sequentially transmitted from the multiplexer into 
analog data signals, and a current output unit applying the 
data signals converted by the DAC to the respective data 
lines. 

0025 The current output unit includes an analog output 
current converter for inputting the analog output currents as 
analog output currents including a main signal and a Sub 
signal having a predetermined ratio therebetween, a Switch 
for Supplying the analog output currents according to a first 
control signal, and a current sample/hold circuit for Sam 
pling or holding the analog output currents according to a 
current sample/hold control signal. 
0026. In another embodiment, a light emitting display 
device includes a display unit having a plurality of scan lines 
transmitting selection signals, a plurality of data lines trans 
mitting data signals, a plurality of pixels coupled to the 
plurality of data lines and the plurality of Scan lines, a data 
driver generating the data signals and applying the generated 
data signals to the respective data lines, and a scan driver 
generating the selection signals and applying the generated 
selection signals to the respective scan lines. 
0027. The data driver includes a multiplexer sequentially 
selecting a plurality of data signals and outputting the 
sequentially selected data signals, a digital/analog converter 
(DAC) sequentially converting a plurality of data signals 
sequentially transmitted from the multiplexer into analog 
data signals, and a current output unit controlling the data 
signals converted by the DAC to be applied to the respective 
data lines. 

0028. The current output unit includes an analog output 
current converter for converting the analog converted output 
currents to analog output currents including a main signal 
and a Sub-signal having a predetermined ratio therebetween, 
a Switch for Supplying the analog output currents including 
the main signal and the Sub-signal according to a first control 
signal, and a current sample?hold circuit for sampling or 
holding the analog output currents including the main signal 
and the Sub-signal according to a current sample?hold con 
trol signal. 

0029. In another embodiment, a light emitting display 
panel includes a plurality of Scan lines for transmitting 
selection signals, a plurality of data lines for transmitting 
data currents, a plurality of pixels coupled to the scan lines 
and the data lines, a scan driver for generating the selection 
signals and applying the generated selection signals to the 
corresponding scan lines, and a data driver for sequentially 
converting a sequentially transmitted plurality of data sig 
nals into analog data signals, and for controlling a current 
output unit to sequentially apply the converted data signals 
to the data lines. 

0030 The current output unit of the data driver includes 
an analog output current converter for converting the analog 
converted output currents to analog output currents includ 
ing a main signal and a Sub-signal having a predetermined 
ratio therebetween, a Switch for Supplying the analog output 
currents including the main signal and the Sub-signal accord 
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ing to a first control signal, and a current sample?hold circuit 
for sampling or holding the analog output currents including 
the main signal and the Sub-signal according to a current 
sample/hold control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031 FIG. 1 schematically illustrates a configuration of 
a light emitting display device according to an embodiment 
of the present invention. 
0032 FIG. 2 illustrates a schematic configuration of a 
light emitting display device having a peripheral device 
mounted on a display panel of the device according to an 
embodiment of the present invention. 
0033 FIG. 3A and FIG. 3B exemplarily illustrate a 
current mirror type AMOLED pixel structure and a current 
programming type AMOLED pixel structure, respectively. 
0034 FIG. 4A and FIG. 4B respectively illustrate rela 
tionships between a program current and an output current 
of the AMOLED pixels of FIG. 3A and FIG. 3B. 
0035 FIG. 5 shows a diagram of a configuration of the 
data driver of the current driving type display device accord 
ing to an embodiment of the present invention. 
0.036 FIG. 6 shows a diagram of a configuration of an 
analog circuit part of the data driver shown in FIG. 5 in 
further detail. 

0037 FIG. 7A shows a diagram illustrating demultiplex 
ing mechanism of N channel current output terminals of the 
current driving type display device according to an embodi 
ment of the present invention, and FIG. 7B shows a timing 
diagram for the demultiplexing mechanism of FIG. 7A. 
0038 FIG. 8 shows a schematic diagram of a current 
mirror configuration of the current output terminal according 
to an embodiment of the present invention. 
0039 FIGS. 9A, 9B, and 9C respectively show configu 
rations of an output terminal of the data driver of the current 
driving type display device according to an embodiment of 
the present invention. 
0040 FIGS. 10A, 10B, and 10C respectively show con 
figurations of the output terminal of the data driver of a 
current driving type display device according to another 
embodiment of the present invention. 
0041 FIG. 11 illustrates an output terminal of a data 
driver of a current driving type display device according to 
a detailed embodiment of the present invention. 
0.042 FIG. 12 shows a current characteristic curve in 
areas A and B. The area A shows a current characteristic 
curve when a current source IDC is applied to a MOS diode 
M20 of an output terminal of a data driver, and the area B 
shows a current characteristic curve when the current source 
IDC is not applied to the MOS diode M20. 
0.043 FIG. 13 shows an output range of the current 
output terminal of the data driver according to an embodi 
ment of the present invention, and exemplarily shows the 
output range of the final output current I according to 
combinations of the CLOB, CL1B, and CL2B. 
0044 FIG. 14A and FIG. 14B respectively illustrate 
operational timings of a current output terminal of a data 
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driver, illustrating timings of a digital control signal applied 
to the current output terminal according to an embodiment 
of the present invention. 
0045 FIG. 15 illustrates a circuit diagram of a current 
sample?hold (S/H) block of a current output terminal of a 
data driver according to an embodiment of the present 
invention. 

0046 FIG. 16 is a circuit diagram of an IDC carrier block 
of a current output terminal of a data driver according to an 
embodiment of the present invention. 
0047 FIG. 17 is a circuit diagram illustrating a 2-to-1 
multiplexer block of a current output terminal of a data 
driver according to an embodiment of the present invention. 

0.048 FIG. 18A and FIG. 18B illustrate settling wave 
forms of a current signal IDA when an ID carrier block is 
included in the current output terminal of the driver and 
when the I carrier block is not included therein, respec 
tively. 

DETAILED DESCRIPTION 

0049 Configuration and operation of a data driving appa 
ratus of a current driving type display device according to 
embodiments of the present invention are described below in 
detail with reference to the accompanying drawings. 

0050. As is well known, a data driver of a flat panel 
display externally receives a video signal and converts it into 
a proper signal value for a display panel. Since a driving 
circuit of a current driving type data driver outputs currents, 
the current driving type data driver drives a current driving 
type display device which is capable of expressing gray 
scales by controlling currents flowing to an organic light 
emitting diode (OLED). 
0051 FIG. 1 schematically illustrates a configuration of 
a light emitting display device according to an embodiment 
of the present invention, and FIG. 2 illustrates a schematic 
configuration of a light emitting display device having a 
peripheral device mounted on a display panel of the device 
according to an embodiment of the present invention. 

0052 Referring to FIG. 1, a display unit 100, a scan 
driver 200, and a data driver 300 form the display panel of 
the present invention. Referring to FIG. 2, an OLED display 
includes a substrate 1000 for forming a display panel. The 
substrate 1000 includes the display unit 100 for visualizing 
an actual image and a peripheral part. The peripheral part 
includes the data driver 300 and the scan driver 200. 

0053) The display unit 100 includes a plurality of data 
lines D1-Dm, a plurality of selection scan lines S1-Sn, a 
plurality of light emitting scan lines E1-En, and a plurality 
of pixels 110. The plurality of data lines D1-Dn extend in a 
column direction, and transmit data currents for forming an 
image to the pixels 110. The selection scan lines S1-Sm and 
the light emitting scan lines E1-En extend in a row direction, 
and respectively transmit selection signals and light emitting 
signals to the pixels 110. In addition, each pixel area is 
defined by one data line and one selection scan line. 

0054) The data driver 300 applies the data currents to the 
data lines D1-Dm. The scan driver 200 sequentially applies 
the selection signals to the plurality of selection scan lines 
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S1-Sn. The scan driver 200 also sequentially applies the 
light emitting signals to the plurality of light emitting scan 
lines E1-En. 

0055 As shown in FIG. 2, the data driver 300 and/or the 
scan driver 200 may be mounted on the substrate 1000, as 
an integrated circuit. In addition, the drivers 200, 300 may 
beformed on the same layer of the substrate 1000 where the 
data lines D1-Dm, the scan lines S1-Sn, E1-En, and tran 
sistors of the pixel circuits are formed. Alternatively, the 
scan and data drivers 200, 300 may be formed on a substrate 
separate from the substrate 1000, and the separate substrate 
may be electrically coupled to the substrate 1000. The scan 
and data drivers 200, 300 may also be mounted as a chip on 
a tape carrier package (TCP), a flexible printed circuit 
(FPC), or a tape automatic bonding (TAB) attached and 
electrically coupled to the substrate 1000. 
0056. A data driver of a current driving type display 
device according to an embodiment of the present invention 
is described below in more detail. 

0057. After receiving K-bit digital video input signals 
corresponding to red, green, and blue colors, the data driver 
converts the received signals into current signals for driving 
an active matrix OLED (AMOLED) panel, and outputs the 
converted current signals. Accordingly, a circuit is required 
for converting a digital video signal into a proper analog 
current signal and outputting the analog current signal. 
These tasks are performed by an analog circuit part. 
0.058. The analog circuit part converts the digital video 
signal into the analog current signal and outputs the analog 
current signal to the display panel of the AMOLED display. 
The analog circuit part and pixel structure of the panel are 
Some of the main components that affect image quality. 
Further, for the purpose of driving a 15.5-inch wide panel 
with a wide extended graphics array (WXGA; 1280xRGBx 
768) resolution, several factors should be considered when 
designing circuits. For example, it is desirable to achieve 
uniformity of output currents between panels. 
0059 FIG. 3A and FIG. 3B illustrate a current mirror 
type AMOLED pixel structure and a current programming 
type AMOLED pixel structure, respectively. FIG. 4A and 
FIG. 4B respectively illustrate relationships between a pro 
gram current and an output current of the AMOLED pixels 
of FIG. 3A and FIG. 3B. 

0060 Referring to FIG. 3A, one example of the 
AMOLED pixel structures is shown that includes a current 
mirror. The pixel 110 of FIG. 3A includes transistors M1, 
M2, M3, and M4, a capacitor C, and an OLED that are 
coupled to a scan line Sn and a data line Dm. An output 
current IN of the data driver is programmed to flow to the 
transistor M1, and an entering current I scaled by a 
width/length (W/L) ratio between the transistor M1 and the 
transistor M2 flows through the OLED such that the pixels 
110 emit light. The current programming type AMOLED 
pixel 110' structure of FIG. 3B includes transistors M1', 
M2, M3', M4', M5', and M6', a capacitor C, and an OLED. 
This pixel 110' is coupled to two scan lines Sn and Sn+1, a 
data line Dm, and an emitting scan line En. 
0061 A panel is formed by arranging the pixels 110 in a 
matrix format. Assuming that electrical and optical charac 
teristics of transistors and organic light emitting materials 
between different pixels 110 are set to be equivalent to each 
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other, image quality of the panel is determined by uniformity 
of the program current IN programmed to the pixels 110 
from the data driving circuit. Generally, the number of 
output channels of one data driver is greater than 300. A 
deviation of relative output currents between the respective 
channels in a driving circuit IC should be minimized when 
the number of columns of the panel is greater than the 
number of the output channels of one data driver. Assuming 
that all the panels are appropriately and ideally manufac 
tured, an absolute error of currents outputted from the 
respective driving circuit ICs should also be minimized in 
order to maintain a uniform image quality between the 
panels. 
0062 General utility of the data driving circuit may be 
increased by obtaining a wide range of output currents. The 
output currents of the data driver 300 relate closely to a pixel 
configuration. 
0063) When the entering current I flowing through the 
OLED and the program current IN are related linearly (FIG. 
4A), as is the case for the pixel 110 shown in FIG. 3A, the 
difference between grayscales of the program current IN is 
constant. When a panel to be driven is small and has low 
resolution, the panel may be driven even if a ratio between 
the entering current I and the program current ITN is Small. 
In this situation, a maximum value and a range of an output 
current of a data driving IC may be reduced. 
0064. However, when the panel to be driven is a wide 
panel with high resolution, the required maximum value of 
the output currents of the data driving IC is large and the 
range of the output currents is also wide. A Pixel circuit for 
a different embodiment of the pixel 110 is shown in FIG.3B 
as pixel 110'. In the pixel configuration 110' shown in FIG. 
3B, the program current IN is not linearly proportional to the 
entering current I. Rather, the program current IN is 
proportional to a square of the entering current I (FIG. 
4B). In this case, the required range for the output current is 
further increased compared to the pixel configuration 110 
shown in FIG. 3A. As described above, the required maxi 
mum output current value and output current range of the 
data driving IC depend on the area, resolution, and pixel 
configuration of the AMOLED panel to be driven. Accord 
ingly, the utility of the data driving circuit in general may be 
increased by setting the maximum output current value at a 
high value and obtaining a wide output current range when 
the data driving circuit is manufactured. 
0065. Finally, a large number of output channels should 
be integrated in the data driving IC. In the case of a 
TFT-LCD data driving IC, a DAC and a buffer circuit are 
generally formed in one channel, and about 300 to 480 
channels are usually integrated in one IC. 
0066. In a current driving type data driving IC, according 
to an embodiment of the present invention, the DAC outputs 
currents. In this case, a current mode DAC is used. In 
general, since the current mode DAC occupies large areas, 
it is impracticable to integrate the current mode DAC into 
every output channel. Accordingly, a demultiplexing func 
tion is required such that one DAC may be used for handling 
output currents of several channels, and a configuration of 
the data driving IC should be different from the configura 
tion used for the conventional TFT-LCD. 

0067. An analog circuit configuration of a data driver 300 
in a current driving type display device according to an 
embodiment of the present invention is described below. 
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0068 FIG. 5 shows the data driver 300 of the current 
driving type display device according to an embodiment of 
the present invention, and FIG. 6 shows an analog circuit 
part of the data driver shown in FIG. 5 in further detail. 
0069. Referring to FIG. 5, according to the embodiments 
of the present invention, a circuit for sequentially storing 
K-bit digital video data VIDEOK-1:0 in a data driving 
circuit includes an N channel shift register 310, an N channel 
sampling latch 320, and an N channel holding latch 330. The 
analog circuit part in the current mode data driver 300 is 
shown in FIG. 6 and includes a bias circuit 360, a current 
mode digital/analog (D/A) converters 370a, 370b, and a 
current output terminals 380a, 380b. 
0070 An N-channel shift register and N-to-1 multiplexer 
340 driven by a low frequency clock signal (CLKL) sequen 
tially transmits N-channel video data stored in the holding 
latch 330 to a K-bit current mode D/A converter, which is 
also called a current mode DAC 370. At this time, the 
N-channel shift register and N-to-1 multiplexer 340 trans 
mits one piece of data corresponding to one data channel 
after another piece of data corresponding to another data 
channel. 

0071. The current mode DAC 370 with K-bit resolution, 
sequentially receives K-bit input data DBK-1:0) from the 
holding latch 330 N times, and sequentially outputs currents 
corresponding to the input data. 
0072 An output current signal DACOUT from the DAC 
370 is sequentially transmitted to an N channel current 
output terminal 380 to be stored therein. A control signal 
generator 350 selects a channel for receiving the DACOUT 
signal from the N channel current output terminal 380. After 
sequentially receiving and storing the DACOUT signal, the 
N channel current output terminal 380 outputs a current 
corresponding to the DACOUT signal to the display panel 
through the data lines D1-Dm. 
0073. According to this embodiment of the present inven 
tion, when the current driving type display panel is driven by 
using the data driver 300 only one DAC 370 is required in 
the driving circuit, and therefore a circuit area may effec 
tively be reduced. In an embodiment, when a data driving 
circuit is formed in a limited area, resolution of the DAC 370 
may be sufficiently increased in the data driver 300 and 
therefore high grayscale images may be displayed. 
0074. In addition, when a conventional multi-channel 
DAC is used, output current variation occurs between the 
conventional DACs, and therefore display quality may dete 
riorate. However, since the N channel current output termi 
nal 380 is driven by using only one DAC 370 in the data 
driver 300, a high quality image may be displayed. Also, 
power consumption is greatly reduced since there is only 
one reference current source. 

0075) The data driving IC of the data driver 300 of the 
current driving type display device according to a further 
detailed embodiment of the present invention is described 
below. 

0076 Referring to FIG. 5 and FIG. 6, the current driving 
type display device includes a total of 300 output channels 
(100 output channels for each of the red R, green G, and blue 
B data). Input/output of digital signals are performed in a 5V 
complementary metal-oxide semiconductor (CMOS) com 
patible type IC. 
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0077. In a further embodiment, the data driving IC of the 
data driver 300 receives 10-bit R, G, and B digital signals 
from a video controller, and the digital signals include 
signals DB R9:0), DB G9:0), and DB B9:0). 
0078. A line memory including sampling and holding 
latches 320:330 in the data driving circuit stores the 10-bit 
R, G, and B digital signals received externally. Since the 
number of the output channels of the data driving IC is 300, 
the number of 10-bit holding latches is also 300. Further, the 
number of colors displayed by one data driving IC is 100 for 
each of the R,G, and B data because the 300 output channels 
store the R, G, and B data. At this time, the DAC 370 is 
required since the stored 10 bit video signals, having digital 
signal values, should be converted into appropriate analog 
current signal values. A current mode DAC configuration is 
adopted when designing the DAC 370 in order to enable the 
DAC 370 to output current signals. 

0079. Output current signals of the current mode DACs 
370 are transmitted to the current output terminals of the 
respective channels and values of the transmitted currents 
are stored in the respective current output terminals. Output 
currents of the current output terminals finally drive the 
pixels 110, 110'. The bias circuit 360 controls the respective 
analog circuit parts by generating analog Voltages and 
current signals of the current mode DAC 370 and the current 
output terminal 380. 

0080 For the purpose of increasing the general utility of 
the DAC 370, grayscales of the DAC 370 are 1024 gray 
scales rather than 256 grayscales, which relates to linear 
output characteristics of the current mode DAC 370. 
According to the embodiments of the present invention, 
displayed grayscales of the output current of the data driving 
IC are 8-bit 256 grayscales. 

0081. However, according to the pixel configuration 110. 
the output current I of the OLED may be linearly related 
to the program current as shown in FIG. 4A. On the 
contrary, the output current I may have non-linear char 
acteristics as shown in FIG. 4B for the alternative pixel 
configuration 110'. Accordingly, for the purpose of express 
ing 256 grayscales in both of the pixel configurations having 
the linear current characteristics 110 and the non-linear 
current characteristics 110', the DAC 370 should be capable 
of controlling the non-linear current characteristics while 
being capable of separating 256 grayscales. Alternately, the 
DAC 370 should be capable of separating more than 256 
grayscales while having linear current characteristics. 

0082 In general, most DACs, including the current mode 
DACs, have linear current characteristics. Accordingly, in 
one configuration, after designing the DAC with more than 
256 grayscales, proper grayscales for pixel characteristics 
are selectively used. That is, after designing a DAC with 
10-bit, 1024 grayscales, the DAC selects 256 proper gray 
scales for the pixel characteristics among 1024 grayscales 
and outputs the 256 selected grayscales. In this case, after 
finding grayscale characteristics of the pixel, selecting val 
ues corresponding to the 256 grayscales, and storing the 
values in a memory, a controller of the driving circuit 
transmits corresponding 10-bit video data values to the data 
driving IC by a digital signal process. In addition, since 
grayscale expression characteristics of the pixel vary accord 
ing to the R, G, and B data, the controller forms look-up 
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tables in memories for the respective R, G, and B data. For 
this configuration, a memory capacity of 7680-bits (256x 
10x3 bits) is required. 
0083. By using the applied 30-bit data, the 10-bit current 
mode DACs 370a and 370b are driven, and 8-bit grayscales 
among the 10-bit grayscales are selected to be outputted. 
The signals DB R9:0), DB G9:0), and DB B9:0) are 
sequentially latched and stored in the sampling latch 320 
using sequential output signals SRH0:99 generated in the 
100-bit shift register 310 as clock signals for the respective 
channels. At this time, video signals serially applied in units 
of 30 bits are converted into parallel data DBSO:299 by the 
sampling latch 320. The 300 channel data DBSO:299) are 
transmitted to the holding latch 330 by a signal DH where 
their values are maintained while Subsequent data are 
sampled. 
0084. The 300 channel data stored in the holding latch 
330 are converted into analog current signals by the DAC 
370. In one example, three DACs may be mounted on both 
right and left sides of the data driving IC, and the conversion 
may be sequentially performed 50 times in order to convert 
a total of 150 channel data in each DAC 370a, 370b, and a 
total of 300 channel data in both right and left DACs 370a, 
370b. Accordingly, a 50-to-1 multiplexer 340 for sequen 
tially transmitting the digital data to the DACs 370a and 
370b, and a control signal generator circuit 350 and signals 
MSS0:99) for controlling the operation of the multiplexer 
340 are required. The control signals are generated from two 
50-bit shift registers placed in the lower part of the N 
channel shift register and N-to-1 multiplexer 340. 
0085. In addition, the output signals of the 50-bit shift 
register 340 in the lower part are used for generating a 
multiplexer control signal and control signals CHSB0:99). 
SHMI0:99). SHMB0:99), SHS0:99), and SHSB0:99) 
(FIGS. 10A, 10B, 11) of a current sample/hold circuit of a 
final output terminal in the data driving IC. This is because 
the output terminal control signals are sequentially operated 
for the respective channels. 
0086) 30-bit data DB R09:0), DB G09:0), and DB B0 
9:0 outputted by the multiplexer 340 are converted into 
analog currents Idac R0. Idac G0 and Idac B0 by the left 
DAC 370a, and 30-bit data DB R19:0), DB G19:0), and 
DB B19:0) are converted into analog currents Idac R1, 
Idac G1, and Idac B1 by the right DAC 370b. The con 
verted analog currents are transmitted to the current output 
terminals 380a and 380b. 

0087. After receiving the output currents of the DACs 
370a, 370b, the 150-channel current output terminals 380a, 
380b sample and hold the currents in 300 channels, and form 
output currents by determining currents COO:299) using the 
held data. In addition, the bias circuit 360 generates a 
reference Voltage and a reference current used in various 
analog circuits of the data driving IC, and transmits the 
reference Voltage and current values to a Subsequent chip. 
0088 A row line time should be initially finished two 
times in order to form output currents after the entire 
operation of the data driving IC is finished, and then constant 
current data are sequentially outputted thereafter, which is 
similar to the way a pipeline configuration operates. Accord 
ingly, there are merits in that uniformity between the chan 
nels is guaranteed and a required operation speed of the 
DAC 370 is reduced. 
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0089. In addition, one DAC 370 should provide output 
currents to a plurality of the output channels in order to 
integrate 300 channels into one data driving IC. A problem 
associated with layout of the DAC 370 may be solved by 
using the above demultiplexing configuration. 
0090 FIG. 7A shows a demultiplexing mechanism of N 
channel current output terminal 380 of the current driving 
type display device according to the embodiment of the 
present invention, and FIG. 7B shows a timing diagram for 
demultiplexing the N channel current output terminal 380. 
0.091 Referring to FIG. 7A, when one DAC 370a or 
370b converts a 10-bit input video signal into an analog 
current signal IIA and outputs the converted signal. The N 
current output terminals 380a, 380bsequentially receive and 
store the signal outputted through N switches 390 controlled 
by signals CHS0:N-1). Since D/A conversion and demul 
tiplexing to the current output terminals 380a, 380b are 
performed in parallel for the respective R, G, B data, N may 
be 100 at most. Further, three DACs 370a and 370b should 
be used. 

0092. When the demultiplexing configuration is used, a 
configuration of the current output terminals 380a, 380b 
should be considered, which relates to a time for transmit 
ting the output current signal of the DACs 370a and 370b to 
one current output terminal 380a or 380b. 
0093. Referring to FIG. 7B, when Tow denotes one row 
line time for selecting all the current output terminals 380a, 
380b by the respective signals CHS0:N-1), and when N 
denotes the number of the current output terminals 380a, 
380b shared by one DAC, a time T being allocated to one 
current output terminal 380a or 380b is shown in Equation 
1. 

TROW Equation 1 
TCH = 

0094 For example, assuming that a screen resolution is 
WXGA (1280xRGBx768) and a frame rate is 60 Hz. Tw 
is 21.70 us. Accordingly, since an actually designed data 
driving IC uses two pairs of D/A converts 370a and 370b for 
the respective R, G, and B data (that is, total 6 DACs are 
integrated), N is 50 and T is 434 ns. However, when a 
WXGA Video Electronics Standards Association (VESA) 
standard is adopted, a vertical blank time is 790 us, a 
horizontal blank time is 5.27 us, and therefore T becomes 
328 ns. 

0095 FIG. 8 shows a schematic diagram of a current 
mirror configuration of the current output terminal according 
to an embodiment of the present invention. The circuit 
shown in FIG. 8 includes transistors M11, M12, M13, and 
M14 coupled in current mirror configurations. 
0096] When the current output terminals 380a, 380b have 
a configuration for immediately outputting an analog current 
signal I transmitted from the DAC 370 as shown in FIG. 
8, one data line should be charged by an output current I 
for 328 ns while programming a program current I in a 
pixel at the same time. 
0097. In general, since the wide panel has a few kilo 
ohms (kS2) of equivalent resistance and tens of pF of 
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equivalent capacitance on the data line, the output current of 
the data driving IC of the data driver 300 should be tens of 
mA in order to charge/discharge the data line for 328 ns. In 
this case, power consumption reaches tens of Watts for each 
driving IC. Further, when a circuit for tens of mA of output 
current is configured, transistor size is increased, and there 
fore it is impracticable to form the circuit for tens of mA of 
output current because the 300 channels may not be inte 
grated in the data driving IC. 

0.098 To solve the above structural problem, a current 
output terminal is formed in a master/slave current sample 
hold configuration as shown in FIG. 9B and FIG. 9C 
according to another embodiment of the present invention. 

0099 FIGS. 9A, 9B, and 9C respectively show configu 
rations of an output terminal of the data driver of the current 
driving type display device according to the embodiments of 
the present invention. 

0100. In FIG. 9A, in order to prevent a variation in the 
currents inputted to the current output terminal, two different 
input signals corresponding to two currents having a prede 
termined rate are transmitted as the analog output current 
I of the DACs 370a and 370b, and a practical current 
value is determined by using a difference between the two 
current signals. That is, after a main signal IDA and a 
Sub-signal IAE which are the analog currents of the DACs 
370a and 370b are inputted to a current sample/hold (S/H) 
381, the actual current value is determined by using the 
difference between the two current signals, and therefore an 
error rate is reduced. 

0101 FIG. 9B shows a schematic diagram of a master/ 
slave S/H circuit 381a, 381b supplemented to accelerate an 
operation speed in the current output terminal. 

0102 FIG.9C illustrates that, in order to prevent a delay 
in data writing caused by fewer currents flowing in the 
current output terminal, an actual current value is deter 
mined by adding a predetermined current I to the output 
current II and then Subtracting the added value II from 
the output current Is before a final output I. 

0103). Unlike FIG. 8, the output terminal of the DAC 370 
is sampled and held by the current output terminal in the 
configurations shown in FIG. 9B and FIG. 9C. The master 
current sample-hold circuit 381a and the slave current 
sample-hold circuit 381b are of the same type, and the 
current sample-hold circuits 381a and 381b alternately 
sample and hold the current. The sampling and holding 
operations are mutually exclusively performed. 

0104 That is, when the master current sample-hold cir 
cuit 381 a samples the analog output current I of the 
DAC 370a and 370b, the slave current sample-hold circuit 
381b programs a value of I to the pixel of the panel while 
holding a value of Is, which is a value of IA sampled for 
a previous row line time. In contrast, when the slave current 
sample-hold circuit 381b samples I, the master current 
sample-hold circuit 381 a programs a value of I to the 
pixel of the panel while holding a value of Its which is a 
value of IIA sampled during a previous row line time. 

0105. According to the above configuration, while a 
current sampling time is equal to the previous T, a time 
for charging/discharging the data line of the panel is 
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increased to the row line time, and therefore the time for 
charging/discharging the data line may be guaranteed. 
0106 While the time for charging/discharging the data 
line is guaranteed by using the master/slave current sample 
hold circuits 381a and 381b, it is still required that the output 
current of the DACs 370a and 370b is sampled at the current 
output terminals 380a, 380b for the time T. 
0.107. In this case, a problem of charge/discharge of wire 
lines in the data driving IC should be also considered as well 
as the problem of charge/discharge of the data lines on the 
panel. As described above, the signal transmission between 
the DACs 370a and 370b and the current output terminals 
380a, 380b is performed by demultiplexing the signal. 
0.108 Accordingly, a length of a signal wire line from an 
output signal port of the DACs 370a and 370b to the input 
of the current output terminals 380a, 380b is 9000 um at 
maximum. In this case, the signal wire line equivalently has 
hundreds of ohms (S2) of parasitic resistance and a few pF 
of parasitic capacitance. 

0.109 Besides the signal wire line, a diode-connected 
metal oxide semiconductor (MOS) transistor M20 is also a 
load to be charged/discharged by the current output signal of 
the DACs 370a and 370b. A trans-conductance value g, of 
the MOS transistor M20 is steeply reduced as current level 
is reduced. Specifically, when the MOS transistor M20 
operates within a sub-threshold region, a tailing effect occurs 
Such that the charge/discharge time is delayed due to a 
reduced g, value. Even if a first least significant bit (LSB) 
value of the DAC is increased to more than several LA in 
order to increase a minimum current level for charge? 
discharge, a W/L ratio of the MOS transistor should be 
increased because a maximum current value is 1024 times 
the first LSB value. 

0110. When the W/L ratio of the MOS transistor M20 is 
increased, the MOS transistor M20 operates within the 
sub-threshold region even if the minimum current level is 
more than several LA. Accordingly, a problem of charge? 
discharge of the signal wire line and the MOS transistor M20 
may not be solved by linear scaling of the current value of 
the DACS 370a and 370b. 

0111. According to the embodiment of the present inven 
tion, as shown in FIG. 9C, the problem of charge/discharge 
of the signal wire line and the MOS transistor M20 is solved 
by a configuration in which DC currents II are applied to 
the output signals of the DACs 370a and 370b and then the 
applied DC current signals I are subtracted from the 
output currents of the current output terminals 380a and 
38Ob. 

0112 FIGS. 10A, 10B, and 10C show circuit configura 
tions of an output terminal of a data driver of a current 
driving type display device according to another embodi 
ment of the present invention. 
0113. The output terminal of FIG. 10A performs func 
tions of the data drivers of FIG. 9A and FIG.9B, and FIG. 
10B illustrates a circuit of FIG. 10A, in detail. The output 
terminal of FIG. 10C performs functions of the data drivers 
of FIG. 9B and FIG. 9C, and will be described in more 
detail with reference to FIG. 11. 

0114 FIG. 12 conceptually illustrates an operation of a 
current source I in the I carrier block 383 of FIG. 9C. 
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0115 FIG. 12 illustrates a current characteristic curve in 
areas A and B. The area A shows a current characteristic 
curve when a current source I is applied to a transistor 
M20 of an output terminal of a data driver, and the area B 
shows a current characteristic curve when the current source 
It is not applied to the transistor M20. 
0116. When an output current range of DACs 370a and 
370b is set to be 0 to I, the transistor M20 of FIG. 9A 
to FIG. 9C operates within the area A when the current 
Source I is not applied to this transistor. Whereas the 
transistor M20 of FIGS. 9A,9B, and 9C operates within the 
area B when the current source I is applied to it. As shown 
in FIG. 12, current tailing may be incurred since the 
transistor M20 can be operated in a sub-threshold region 
within the area A. 

0117. However, the transistor M20 operates in a satura 
tion region within the area B, and thus the current tailing is 
not incurred. In addition, because it is possible to design a 
maximum current level of the DACs 370a and 379b to be 
lower, the current output terminals 380a, 380b may be 
designed without increasing a W/L ratio of the transistor 
M20. Not having to increase the proportions of the transis 
tors uses saves space. 

0118 Referring back to FIG. 6, the bias circuit 360 
generates reference current sources Idac1-Idac6 which are 
necessary for operation of the DACs 370a and 370b, and 
supplies the reference current sources to 6 DACs 370a and 
370b of the data driving IC. In addition, the bias circuit 360 
generates a reference Voltage signal for the current output 
terminals 380a and 380b. 

0119) The DACs 370a and 370b integrated with the data 
driving IC according to the embodiment of the present 
invention form a typical current mode DAC, and thus a 
DATA9:0 stored in a holding latch of a digital block is 
synchronized with a rising edge of a CLKL clock signal and 
stored in a sampling latch. The stored signal is processed by 
a decoder, and thus 6 higher order bits of the signal control 
a 6-bit thermometer-coded current array and 4 lower order 
bits thereof control a binary-weighted current array. The 
respective current arrays output currents corresponding to 
data. An analog output current IA that corresponds to a 
Sum of the currents output from the current arrays is trans 
mitted to the respective current output terminals. 
0120) The 10-bit current mode DACs 370a, 370b output 
one of the currents divided by 1024 levels from a reference 
current source generated by the bias circuit 360 and transmit 
the output current to the current output terminals 380a, 
380b. The current output range of the DACs 370a, 370b may 
be set to be different for the respective red, green, and blue 
(RGB) colors. However, this requires separate bias gener 
ating circuits for the respective DACs 370a, 370b. Addition 
of the separate bias generation circuits may increase the area 
of the ICs and degrade uniformity between the DACs 370a, 
37Ob. 

0121 FIG. 11 illustrates an output terminal of a data 
driver 300 of a current driving type display device according 
to a detailed embodiment of the present invention. 
0122) Referring back to FIG. 6, the output currents I 
of DACs 370a, 370b are sequentially sampled and stored in 
the respective current output terminals. It is desired that the 
current output terminals 380a, 380b accurately sample the 
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output currents IIA within a predetermined time (WXGA 
reference 328 ns) for each channel, and an area for each 
current output terminal is minimized such that each current 
output terminal is arranged within 52 um pitch. 
0123 The foregoing problems of the current output ter 
minals 380a, 380b of the data driving IC may be solved by 
using the master/slave current S/H circuits 381a and 381b 
(FIG. 6) and an I carrier 383 (FIG. 11). 
0.124. A current signal II and a sub-current signal 

I, input from the DACs 370a, 370b are added to a current 
I generated by the I carrier block 383 and a sum of the 
current signal IDA, the Sub-current signal IDA, and the 
current I are the transmitted to master/slave current S/H 
blocks 381a, 381b. In this instance, a CHSB signal controls 
PMOS switches M20 and M21 to select the n-th current 
output terminal only from the current output terminals 380a, 
38Ob. 

0.125. The master/slave current S/H blocks 381a and 
381b that are equivalent to the pre-described master/slave 
current S/H circuits store a sum of the input currents 
(IA+I) in the master current S/H circuit 381a or in the 
slave current S/H circuit 381b. 

0.126 When SHMNI/SHMBN) and SHSNSHSBN 
have high logical values, the input currents are sampled and 
stored in the master current S/H circuit 381a and the slave 
current S/H circuit 381b, respectively. 

0127 Output currents IMs and Is of the respective mas 
ter/slave current S/H circuits 381a and 381b (shown on FIG. 
6 and FIG. 11) are amplified to an integer multiple, and 
selectively transmitted to a final output current I accord 
ing to control signals MSS/MSSB to drive the AMOLED 
panel. 

0128. The I carrier block 383 transmits a current signal 
IP to an output mirror to remove the current I added in 
input units of the current output terminals 380a and 380b, 
and the output mirror outputs the final output current I 
after Subtracting the current signal IPE from the output 
current Is or Is. In this instance, the output mirror may 
include a 2-to-1 multiplexer 382 and an adder 384. VB1, 
VB2, VAMPI, VAMPO, and VREF are bias signals supplied 
to each block. CLOB-CL2B are control signals that control 
an output range of the final output current I. 
0.129 FIG. 13 shows an output range of the current 
output terminal of the data driver 300 according to an 
embodiment of the present invention. The output range of 
the final output current I according to combinations of the 
CLOB-CL2B is also shown. 

TABLE 1. 

CRS1:O CL2B CL1B CLOB I Ico-LSB 

“OO 1 1 1 O LA-74.25 LA 72.5 mA 
“O1 1 1 0 0 1A-148.5 LA 145.0 in A 
“10 1 O 0 0 1A-222.75 A 217.5 na 
11 O O 0 0 1A-297.0 LA 290.0 na 

0.130. A maximum output range of an output current I 
of the data driving IC is set to be OLA-297 LA, and current 
levels are determined through video data after equally 
dividing the output range by 1204 levels according to an 
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embodiment of the present invention. In this instance, 1 LSB 
current is 290 nA. However, the current levels and the 
current output range may vary depending on colors or a pixel 
structure of a panel. Therefore, in order to increase general 
utility of the data driving IC, it is desired that the output 
current range may be proportionally reduced within the 
maximum output current range. 
0131 Thus, the current S/H circuits 381a and 381b and 
the I carrier are embedded with a 2-bit DAC such that a 
current output range of four steps is obtained as shown in 
FIG. 13. A control signal controlling the 2-bit DAC includes 
CRS R1:0), CRS G1:0), and CRS B1:0) for the respec 
tive red, green, and blue (RGB) colors. The CRS signals (not 
shown) are processed through a decoder of the data driving 
IC and generate CLOB-CL2B signals. 
0132 FIG. 14A and FIG. 14B respectively illustrate 
operational timings of a current output terminal of a data 
driver 300, illustrating timings of a digital control signal 
applied to the current output terminal according to an 
embodiment of the present invention. 
0.133 FIG. 14A relates to when a signal MSS has a low 
logical value, and in this case, an output current I is output 
corresponding to the output current Is and outputs a pro 
cessed current, and a master current S/H circuit 381a 
samples an input current IA. On the contrary, FIG. 14B 
relates to a case that the signal MSS has a high logical value, 
and in this case, the current I receives and processes an 
output current Is and output a processed current, and a 
slave current S/H circuit 381b samples the input current 
IA. The signal MSS is inverted in every one low-line time 
during a driving time of the AM-OLED such that the master 
current S/H circuit 381a and the slave current S/H circuit 
381b are alternatively and periodically performed. 
0134 FIG. 15 illustrates a circuit diagram of a current 
S/H block of a current output terminal of a data driver 
according to an embodiment of the present invention. The 
circuit of FIG. 15 includes transistors M30 through M45 and 
capacitors CH1 and CH2 coupled to switches SW1, SW2. 
and SW3. 

0135) In FIG. 10B, the input current signals I+I 
and IDAB+ID are respectively programmed in the transis 
tors M20 and M21. Actually, the signal I+II is a 
dummy signal that maintains loads of the main input current 
signal II and the Sub-input current signal IAE of the 
DAC at a given level to thereby prevent decrease of con 
version speed of the DAC. The signal I+II pro 
grammed in the transistor M21 of FIG. 10B is sampled in 
the master current S/H circuit 381a or the slave current S/H 
circuit 381b. 

0136 Circuit structures of the master and slave current 
S/H circuits 381a, 381b (not shown in FIG. 15) are the 
same, and the transistor M31 has a current mirror structure 
and transmits a value obtained by proportionally reducing 8 
times the signal IA+II to transistors M32, M36, M38, 
and M40 of FIG. 15. In addition, a differential amplifier and 
transistors M31, M37, M39, and M41 increase output resis 
tance of transistors M32, M46, M38 and M40 that are 
current sources in the current S/H circuits 381a, 381b (not 
shown in FIG. 15). 
0137 This implies a mechanism where gate bias voltages 
of transistors M31, M37, M39, and M41 of FIG. 15 are 
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controlled Such that a drain node Voltage of the transistor 
M31 becomes equal to drain node voltages of the transistors 
M37, M39, and M41 of FIG. 15. This occurs by amplifying 
the drain node voltage of the transistor M21 of FIG. 10B 
using the differential amplifier of FIG. 15 since the transis 
tor M21 is not a cascade transistor. 

0.138 Sampling and holding operations of the current 
signal is controlled by a switch and a PMOS switch con 
trolled by SHM (SHS) and SHMB (SHSB) signals. The 
sampling operation is performed by storing the gate Voltage 
of the transistor M21 of FIG.10B in a holding capacitor 385 
of FIG. 15 when the Switch and the PMOS switch are 
closed. The holding capacitor 385 includes the capacitors 
CH1 and CH2. When the Switch and the PMOS switch are 
opened, the holding operation is performed such that CH1 
and CH2 become floating capacitors holding the stored 
Voltage and a constant current flows to transistors M32, 
M36, M38, and M40 of FIG. 15. In addition, the current 
flowing to the transistors M32, M36, M38 and M40 is output 
after being converted into an output current Is or Is. 
Accordingly, a maximum value of the output current IMs or 
Is corresponds to at least the signal IDA--ID reduced by a 
factor of eight and at most the same signal IDA-ID reduced 
by a factor of two. 
0139 FIG. 16 is a circuit diagram of an I carrier block 
383 of a current output terminal of a data driver 300 
according to an embodiment of the present invention. The 
circuit of FIG. 16 includes transistors M50, and M53 
through M71. 
0140. A current II is generated by applying analog 
voltages VB1 and VB2 generated by a bias block to gate 
nodes of transistors M50, M53, M54, and M55. A target 
value of the It is set to be 20 LA. In this instance, the 
generated current I is proportionally reduced or amplified 
through a 2-bit DAC 387 and transmits a signal IP to an 
output mirror block. This prevents the current II from 
being proportionally reduced in the master/slave current S/H 
blocks 381a and 381b. 

0141. In addition, a value of the current It is noticeable 
in an I carrier block 383. When a circuit is operated, the 
circuit may not necessarily output a current I of 20 LA. An 
additional role of the current II is to control all the 
transistors to be operated in the Saturation region, and to 
increase operation speed of the transistors even though the 
value of the current II is low when a current IA flows 
through the current output terminals 380a, 380b. 
0142. Therefore, a matching of channel width to length 
ratios of transistors M50, M53, M54, and M55 may not be 
important as long as the values of the current II and the 
signal I of FIG. 16 are maintained as integer multiples. 
However, it matters whether or not transistors of the current 
output terminals 380a, 380b are matched with each other. In 
other words, in order to prevent a final output of the current 
output terminals 380a, 380b from being influenced by the 

c carrier block 383, matching between transistors M50, 
M55, and M56 and matching between transistors M53, M54, 
and M57 of FIG. 16 need to be guaranteed. 
0.143 FIG. 17 is a circuit diagram illustrating a 2-to-1 
multiplexer block 382 of a current output terminal of a data 
driver 300 according to an embodiment of the present 
invention. The circuit of FIG. 17 includes transistors M134, 
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M135, M136, and M141 through M147. As previously 
described, FIG. 17 illustrates an output current mirror block 
as the 2-to-1 multiplexer that is a final terminal of the current 
output terminal, and the adder 384 is also substantially 
included in the circuit. 

0144. A final current I is output by operating output 
current signals IMs and Is of the master/slave current S/H 
circuits 381a and 381b and an output signal IPE of the II 
carrier block 383 so as to drive the AMOLED panel. 

0145 As described with reference to FIG. 14A and FIG. 
14B, one of the output signals Is and Is is selected and 
output as the final output current I, according to the 
MSS/MSSB signals. The output signals Is and Is and the 
It current are proportionally amplified and reduced 
according to CLOB-CL2B, as shown in Equation 2 and 
Equation 3. 

0146 Equation 2 
IMs=IsL=CX (IDAct-IDc) 

IPRE=4XCXIDC 

0147 Equation 3 
Ico-4XIMS-IPRE=4xisL-IPRE=4XCXIDAC 

0148 Where C. is 0.5, 0.25, 0.125, 0.0625, and the output 
current I has a current output range that is at most 2 times 
the current output range of the IEA according to a value of 
C. by the Equation 3). A final output terminal of a data 
driving IC sinks the output current I, and the output 
current It is Supplied from a high Voltage power Supply 
source of an AMOLED panel. 

0149 FIG. 18A and FIG. 18B illustrate settling wave 
forms of a current signal IIA when an I carrier block 383 
is included in the current output terminal of the driver and 
when the I carrier block 383 is not included therein. They 
show the settling waveform of the I current signal from 
the DACs 370a, 370b to the current output terminals 380a 
and 380b. 

0150. A settling time taken for programming output cur 
rents I of the DACs 370a, 370b transmitted to the current 
output terminals 380a, 380b needs to be verified. A desired 
settling time is 328 ns to drive a WXGA resolution panel 
with scan rate of 60 Hz. However, 50 current output termi 
nals 380a, 380b share a current output of one DAC 370a, 
37Ob. 

0151 Channel pitches of the current output terminals 
380a, 380b are set to be 52 um, and red, green, blue are 
iteratively arranged in current output terminals 380a and 
380b, and thus a maximum length of a IIA signal wire 
connected to each current output terminal is 7800 um 
(3x50x52 um). Therefore, the load of the I signal wire 
needs to be considered to verify the settling time. As shown 
in FIG. 18A and FIG. 18B, the settling time becomes within 
328 ns when the I carrier block 383 is included in the 
current output terminal, but the settling time in a falling 
curve of the current I may not be verified when the II 
carrier block is not included in the current output terminal. 
0152. As described, the foregoing conventional problems 
may be solved by using a data driving IC having the 10-bit 
current mode DACs 370a, 370b and the current output 
terminals 380a, 380b. 
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0153. The embodiments of the present invention exem 
plarily describe a light emitting display device, but it should 
be understood that the present invention is not limited 
thereto. 

0154 According to an embodiment of the present inven 
tion, output deviation between a plurality of DACs may be 
reduced since current output terminals of a plurality of 
channels may be driven by an output of a single DAC while 
consuming less power. 
0.155. In addition, according to an embodiment of the 
present invention, it is possible to drive a wide display panel 
while consuming less power because a current output ter 
minal in sampling-holding operations may reserve a charg 
ing time for data lines of a panel. 
0156 While this invention has been described in connec 
tion with what is presently considered to be practical exem 
plary embodiments, it is to be understood that the invention 
is not limited to the disclosed embodiments, but, on the 
contrary, is intended to cover various modifications and 
equivalent arrangements included within the spirit and scope 
of the appended claims and their equivalents. 

What is claimed is: 
1. A current output device of a data driving apparatus for 

sequentially applying data signals to data lines, the data 
signals corresponding to analog converted output currents, 
the current output device comprising: 

an analog output current converter for converting the 
analog converted output currents to analog output cur 
rents comprising a main signal and a sub-signal having 
a predetermined ratio therebetween; 

a Switch for Supplying the analog output currents accord 
ing to a first control signal; and 

a current sample/hold circuit for sampling or holding the 
analog output currents according to a current sample/ 
hold control signal. 

2. The current output device of claim 1, wherein the 
analog output currents have the predetermined ratio ther 
ebetween such that a load condition is constant and a 
conversion speed of the analog output currents is not 
reduced. 

3. The current output device of claim 1, wherein the 
current sample/hold circuit comprises: 

a master current sample?hold circuit for sampling or 
holding the analog output currents according to a first 
current sample/hold control signal; 

a slave current sample?hold circuit for holding or Sam 
pling the analog output currents according to a second 
current sample/hold control signal; and 

a multiplexer for selecting at least one of the analog 
output currents held in the master current sample?hold 
circuit or the slave current sample?hold circuit accord 
ing to a current output control signal and for applying 
the selected analog output current to a corresponding 
one of the data lines. 

4. The current output device of claim 3, wherein the first 
and second current sample/hold control signals are mutually 
exclusively supplied Such that sampling operations are not 
concurrently performed in the master and the slave current 
sample/hold circuits. 
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5. The current output device of claim3, wherein one of the 
master and the slave current sample?hold circuits holds a 
current value sampled for a previous row line time while the 
other of the master and the slave current sample?hold circuits 
samples the analog output currents. 

6. The current output device of claim 3, wherein currents 
outputted from the master and the slave current sample/hold 
circuits are selectively outputted according to the current 
output control signal after being amplified to an integer 
multiple thereof. 

7. The current output device of claim 3, wherein the 
master current sample?hold circuit or the slave current 
sample/hold circuit comprises a two bit digital/analog con 
verter for controlling an analog output current range Such 
that the analog output current range is proportionally 
reduced within a maximum analog output current range. 

8. The current output device of claim 3, further compris 
ing a current Supplier for Supplying the analog output 
currents to the master and the slave current sample?hold 
circuits after adding a predetermined direct current to the 
analog output currents. 

9. The current output device of claim 8, further compris 
ing a subtractor for Subtracting the direct current added by 
the current supplier from the current outputted by the 
multiplexer. 

10. The current output device of claim 1, wherein the 
switch selects one of a plurality of current output devices. 

11. A data driving apparatus for applying data signals to 
a plurality of data lines of a display panel, the data driving 
apparatus comprising: 

a multiplexer for sequentially selecting and outputting a 
plurality of data signals; 

a digital/analog converter DAC for sequentially convert 
ing a plurality of data signals sequentially transmitted 
from the multiplexer into analog data signals; and 

a current output unit for applying the data signals con 
verted by the DAC into analog data currents to the data 
lines, 

wherein the current output unit comprises: 
an analog output current converter for inputting the ana 

log output currents as analog output currents compris 
ing a main signal and a Sub-signal having a predeter 
mined ratio therebetween; 

a Switch for Supplying the analog output currents accord 
ing to a first control signal; and 

a current sample?hold circuit for sampling or holding the 
analog output currents according to a current sample/ 
hold control signal. 

12. The data driving apparatus of claim 11, wherein the 
current sample/hold circuit comprises: 

a master current sample?hold circuit for sampling or 
holding the analog output currents according to a first 
current sample/hold control signal; 

a slave current sample?hold circuit for holding or Sam 
pling the analog output currents according to a second 
current sample/hold control signal; and 

a multiplexer for selecting at least one of the analog 
output currents held in the master current sample?hold 
circuit or the slave current sample?hold circuit accord 
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ing to a current output control signal and for applying 
the selected analog output current to a corresponding 
one of the data lines. 

13. The data driving apparatus of claim 11, wherein the 
first and second current sample/hold control signals are 
mutually exclusively supplied such that sampling operations 
are not concurrently performed in the master and the slave 
current sample/hold circuits. 

14. The data driving apparatus of claim 12, wherein a first 
of the master and the slave current sample/hold circuits 
holds a current value sampled for a previous row line time 
when a second of the master and the slave current sample/ 
hold circuits samples the analog output currents. 

15. The data driving apparatus of claim 12, wherein 
currents outputted from the master and the slave current 
sample/hold circuits are selectively outputted according to 
the current output control signal after being amplified to an 
integer multiple thereof. 

16. A light emitting display device comprising: 
a display unit having a plurality of Scan lines for trans 

mitting selection signals, a plurality of data lines for 
transmitting data signals, and a plurality of pixels 
coupled to the plurality of data lines and the plurality of 
Scan lines, a data driver for generating the data signals 
and for applying the data signals to the data lines, and 
a scan driver for generating the selection signals and for 
applying the selection signals to the respective scan 
lines, 

wherein the data driver comprises, 
a multiplexer for sequentially selecting a plurality of data 

signals and outputting the sequentially selected data 
signals: 

a digital/analog converter (DAC) for sequentially con 
Verting a plurality of data signals sequentially trans 
mitted from the multiplexer into analog data signals; 
and 

a current output unit for controlling the data signals 
converted by the DAC to be applied to the data lines, 

and wherein the current output unit comprises: 
an analog output current converter for converting the 

analog output currents to analog output currents includ 
ing a main signal and a sub-signal having a predeter 
mined ratio therebetween; 

a Switch for Supplying the analog output currents includ 
ing the main signal and the Sub-signal according to a 
first control signal; and 

a current sample/hold circuit for sampling or holding the 
analog output currents including the main signal and 
the Sub-signal according to a current sample/hold con 
trol signal. 

17. The light emitting display device of claim 16, wherein 
the current sample?hold circuit comprises: 

a master current sample?hold circuit for sampling or 
holding the analog output currents according to a first 
current sample/hold control signal; 

a slave current sample?hold circuit for holding or Sam 
pling the analog output currents according to a second 
current sample/hold control signal; and 
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a multiplexer for selecting the output current held in the 
master current sample/hold circuit or the slave current 
sample/hold circuit according to a current output con 
trol signal and for applying the selected analog output 
current to a corresponding one of the data lines. 

18. The light emitting display device of claim 17, wherein 
the first and second current sample?hold control signals are 
mutually exclusively supplied such that sampling operations 
are not concurrently performed in the master and the slave 
current sample/hold circuits 

19. The light emitting display device of claim 17, wherein 
one of the master and the slave current sample/hold circuits 
holds a current value sampled for a previous row line time 
when the other of the master and the slave current sample/ 
hold circuits samples the analog output currents. 

20. A light emitting display panel comprising: 
a plurality of scan lines for transmitting selection signals; 
a plurality of data lines for transmitting data currents; 
a plurality of pixels coupled to the scan lines and the data 

lines; 
a scan driver for generating the selection signals and for 

applying the selection signals to the corresponding scan 
lines; and 
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a data driver for sequentially converting a sequentially 
transmitted plurality of data signals into analog data 
signals, and for controlling a current output unit to 
sequentially apply the converted data signals to the data 
lines, 

wherein the current output unit of the data driver com 
prises: 

an analog output current converter for converting the 
analog converted output currents to analog output cur 
rents including a main signal and a Sub-signal having a 
predetermined ratio therebetween; 

a Switch for Supplying the analog output currents includ 
ing the main signal and the Sub-signal according to a 
first control signal; and 

a current sample/hold circuit for sampling or holding the 
analog output currents including the main signal and 
the Sub-signal according to a current sample/hold con 
trol signal. 


